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(57) ABSTRACT 

A vehicle driving force control apparatus is provided for a 
vehicle to prevent a shock from being generated When a 
clutch disposed betWeen a subordinate drive source and 
subordinate drive Wheels is transferred to a disengaged state 
during vehicle travel. When a transition is made from a 
four-Wheel drive state to a tWo-Wheel drive state, and a 
clutch is released during vehicle travel, the motor torque is 
maintained constant at a level of a clutch-release torque 
required by the electric motor as the output for bringing the 
torque on the clutch substantially to Zero. 
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VEHICLE DRIVING FORCE CONTROL 
APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a vehicle 
driving force control apparatus for a vehicle in Which a pair 
of drive Wheels are driven by a drive torque from an electric 
motor. Preferably, the electric motor is driven With electric 
poWer generated by a generator that is driven by an internal 
combustion engine. The present invention especially useful 
in an all Wheel drive vehicle in Which a pair of main drive 
Wheels are driven by a main drive source, such as internal 
combustion engine, and a pair of subordinate drive Wheels 
are driven by the electric motor. Thus, the invention is 
particularly Well-suited for a so-called battery-less four 
Wheel drive vehicle in Which the engine drives the generator 
and the electric poWer from the generator is supplied to the 
electric motor. 

[0003] 2. Background Information 

[0004] In conventional practice, a driving force control 
apparatus for a vehicle in Which the front Wheels are driven 
by an internal combustion engine, the rear Wheels can be 
driven by an electric motor, and a clutch or reduction gear 
is disposed in the torque transfer path from the electric motor 
to the rear Wheel aXle is described, for eXample, in Japanese 
Laid-Open Patent Publication No. 11-243608. 

[0005] In the driving force control apparatus described in 
Japanese Laid-Open Patent Publication No. 11-243608, the 
generation of shocks during clutch connection is prevented 
by connecting the clutch after idling the electric motor such 
that the rotational speed of the electric motor becomes equal 
to a speed that corresponds to the rotational speed of the aXle 
shaft When a transition to a four-Wheel drive state is made 
during vehicle travel. 

[0006] In the driving force control apparatus described in 
Japanese Laid-Open Patent Publication No. 11-243608, the 
generation of shocks during clutch connection is prevented 
by connecting the clutch after idling the electric motor such 
that the rotational speed of the electric motor becomes equal 
to a speed that corresponds to the rotational speed of the aXle 
shaft When a transition to a four-Wheel drive state is made 
during vehicle travel. 

[0007] In vieW of the above, it Will be apparent to those 
skilled in the art from this disclosure that there eXists a need 
for an improved driving force control apparatus. This inven 
tion addresses this need in the art as Well as other needs, 
Which Will become apparent to those skilled in the art from 
this disclosure. 

SUMMARY OF THE INVENTION 

[0008] It has been discovered that in the aforementioned 
prior art, a differential betWeen the rotational speeds of the 
clutch on the output shaft side and the input shaft side is 
regarded as the cause of shocks generated during clutch 
operation. In terms of the underlying technical idea, it is 
commonly believed that there is apparently no differential in 
the rotational speed betWeen the output shaft side and the 
input shaft side When the clutch is moved to a disengaged 
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state, so there is no need to perform any processing to match 
the rotational speeds, and no shock is generated. 

[0009] HoWever, the inventors have con?rmed that shocks 
are sometimes generated When the clutch is disengaged. 
Speci?cally, in a system in Which the drive sources for 
driving the main drive Wheels and the subordinate drive 
Wheels are constructed separately from each other and the 
subordinate drive Wheels are driven only When necessary, 
the torque from the subordinate drive Wheels acts on the 
clutch because the vehicle is in motion When the clutch is 
changed to a disengaged state after the output of the electric 
motor becomes Zero as a transfer is made from a four-Wheel 
drive state to a tWo-Wheel drive state during vehicle travel. 
Aresulting draWback is that although there is no differential 
in rotational speed betWeen the input and output shafts of the 
clutch, a shock is still sometimes generated because of the 
existence of a torque that is at or above a prescribed level in 
the clutch position. 

[0010] For this reason, a shock is still sometimes gener 
ated by the action of a torque that is at or above a prescribed 
level in the clutch position because this torque eXerts an 
action despite the fact that there is no differential in rota 
tional speed betWeen the input and output shafts of the 
clutch. 

[0011] The present invention focuses on this kind of 
problem and aims to provide a driving force control appa 
ratus for a vehicle capable of preventing a shock from being 
generated When the clutch disposed betWeen the subordinate 
drive source and subordinate drive Wheels is moved to a 
disengaged state during vehicle travel. 
[0012] In vieW of the foregoing, a vehicle driving force 
control apparatus is provided for a vehicle having a ?rst 
drive Wheel, a ?rst drive source con?gured to drive the ?rst 
drive Wheel, and a clutch disposed in a torque transfer path 
from the ?rst drive source to the ?rst drive Wheel. The 
vehicle driving force control apparatus basically comprises 
a drive mode selection section, a clutch release section, a 
brake force command determining section, and a clutch 
maintaining section. The drive mode selection section is 
con?gured to select a ?rst drive mode in Which the clutch is 
engaged and a second drive mode in Which the clutch is 
disengaged. The clutch release section is con?gured to 
output a clutch release command to disengage the clutch 
When the ?rst drive mode is selected by the drive mode 
selection section. The brake force command-determining 
section is con?gured to determine a braking state. The clutch 
maintaining section is con?gured to maintain a current state 
of the clutch When the brake force command determining 
section determines the braking state. 

[0013] These and other objects, features, aspects and 
advantages of the present invention Will become apparent to 
those skilled in the art from the folloWing detailed descrip 
tion, Which, taken in conjunction With the anneXed draW 
ings, discloses a preferred embodiment of the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Referring noW to the attached draWings Which form 
a part of this original disclosure: 

[0015] FIG. 1 is a schematic block diagram of a vehicle 
equipped With a vehicle driving force control apparatus in 
accordance With preferred embodiments of the present 
invention; 
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[0016] FIG. 2 is a block diagram showing a control 
system con?guration for the vehicle driving force control 
apparatus illustrated in FIG. 1 in accordance With the 
illustrated embodiments of the present invention; 

[0017] FIG. 3 is a block diagram shoWing the 4WD 
controller for the vehicle driving force control apparatus 
illustrated in FIG. 1 in accordance With the illustrated 
preferred embodiments of the present invention; 

[0018] FIG. 4 is a How chart shoWing the processing 
sequence executed by the surplus torque computing section 
of the 4WD controller for the vehicle driving force control 
apparatus illustrated in FIG. 1 in accordance With the 
illustrated embodiments of the present invention; 

[0019] FIG. 5 is a How chart shoWing the processing 
sequence executed by the target torque limiting (control) 
section of the 4WD controller for the vehicle driving force 
control apparatus illustrated in FIG. 1 in accordance With 
the illustrated embodiments of the present invention; 

[0020] FIG. 6 is a diagram shoWing the processing 
executed by the surplus torque converting section in accor 
dance With the ?rst embodiment based on the present 
invention; 
[0021] FIG. 7 is a diagram shoWing the processing 
executed by the clutch release processing section in accor 
dance With the ?rst embodiment based on the present 
invention; 
[0022] FIG. 8 is a diagram shoWing the processing 
executed by the engine controller in accordance With the ?rst 
embodiment based on the present invention; 

[0023] FIG. 9 is a diagram shoWing exemplary time charts 
for the clutch release in accordance With the ?rst embodi 
ment based on the present invention; and 

[0024] FIG. 10 is a diagram shoWing exemplary time 
charts for the clutch release in accordance With the ?rst 
embodiment based on the present invention; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] Selected embodiments of the present invention Will 
noW be explained With reference to the draWings. It Will be 
apparent to those skilled in the art from this disclosure that 
the folloWing descriptions of the embodiments of the present 
invention are provided for illustration only and not for the 
purpose of limiting the invention as de?ned by the appended 
claims and their equivalents. 

[0026] Referring initially to FIGS. 1 and 2, a vehicle 
driving force control apparatus Will noW be explained in 
accordance With a ?rst embodiment of the present invention. 
As seen in FIG. 1, a four Wheel drive vehicle is diagram 
matically illustrated that is equipped With the vehicle driving 
force control apparatus in accordance With the present 
invention. As shoWn in FIG. 1, the vehicle in accordance 
With this embodiment has left and right front Wheels 1L and 
1R that are driven by an internal combustion engine or main 
drive source 2, and left and right rear Wheels 3L and 3R that 
are driven by an electric motor or subordinate drive source 

4, Which is preferably a direct current (DC) electric motor. 
Thus, the front Wheels 1L and 1R serve as the main drive 
Wheels, While the rear Wheels 3L and 3R serve as the 
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subordinate drive Wheels. An endless drive belt 6 transfers 
poWer from the internal combustion engine 2 to a generator 
7, Which supplies electrical energy to the electric motor 4. 

[0027] The generator 7 rotates at a rotational speed Nh that 
is equal to the product of the rotational speed Ne of the 
internal combustion engine 2 and the pulley ratio of the 
endless drive belt 6. The load placed on the internal com 
bustion engine 2 by the generator 7 due to the ?eld current 
Ifh of the generator 7 is adjusted by the 4WD controller 8 to 
generate a voltage corresponding to the load torque. The 
voltage generated by the generator 7 can be supplied to the 
electric motor 4 through the electrical line 9. A junction box 
10 is provided at an intermediate point in the electrical line 
9 betWeen the electric motor 4 and the generator 7. The drive 
shaft of the electric motor 4 can be connected to the rear 
Wheels 3L and 3R via a reduction gear 11, a clutch 12 and 
a differential gear 13 in a conventional manner. 

[0028] According to the present invention, the shock gen 
erated When the clutch 12 is brought to a disengaged state 
can be avoided by disengaging the clutch 12 When the torque 
on the clutch 12 is at Zero level or in a loW state, as explained 
beloW. In addition, the clutch 12 can be released in a 
controlled state in Which the motor 4 torque remains con 
stant at a clutch-release torque, Whereby the clutch 12 can be 
released When the motor torque remains at the level of the 
clutch-release torque in a stable fashion. Braking causes a 
disturbance to a motor torque to Which the electricity of the 
generator 7 is supplied, and thus, makes it dif?cult to release 
the clutch 12 When a condition for releasing the clutch 12 is 
met. HoWever, according to the present invention, the clutch 
12 is released When there is no braking or When an amount 
of the braking is small. Therefore, in the present invention, 
the clutch 12 can be released When targeted clutch releasing 
condition is met Without being affected by braking. 

[0029] The clutch 12 is preferably an electromagnetic 
clutch having an input shaft 12a coupled to the electric 
motor 4 via the reduction gear 11, and an output shaft 12b 
coupled to the rear Wheels 3L and 3R via the differential gear 
13. Preferably, the clutch 12 is turned on to perform an 
engagement operation in Which the input and output shafts 
12a and 12b are connected such that the drive torque from 
the electric motor 4 is transmitted to the rear Wheels 3L and 
3R. When the clutch 12 is turned off, a disengagement or 
release operation occurs in Which the input and output shafts 
12a and 12b are disengaged such that the drive torque from 
the electric motor 4 is no longer transmitted to the rear 
Wheels 3L and 3R. Thus, When the clutch 12 is engaged, the 
vehicle is in a four-Wheel (multi-Wheel) drive state in Which 
all of the Wheels 1L, 1R, 3L and 3R are driven. When the 
clutch 12 is released, the vehicle is in a tWo-Wheel (non-all 
Wheel) drive state in Which only the front Wheels 1L and 1R 
are driven by the internal combustion engine 2. It is pref 
erable in accordance With the present invention to release the 
clutch 12, during the vehicle traveling, such that substan 
tially no shock occurs in the vehicle, or at least the shock to 
the vehicle is beloW a prescribed limit. Preferably, the clutch 
12 is released in accordance With the present invention When 
the vehicle is traveling such that the drive torque of the 
electric motor 4 is sufficient to avoid a vehicle shock above 
a prescribed limit. 

[0030] Amain throttle valve 15 and a sub throttle valve 16 
are disposed inside the intake passage 14 (e.g., an intake 
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manifold) of the internal combustion engine 2. The throttle 
opening of the main throttle valve 15 is adjusted/controlled 
in accordance With the amount of depression of the accel 
erator pedal 17, Which also constitutes or functions as an 
accelerator position detecting device or sensor, or a throttle 
opening instructing device or sensor. In order to adjust the 
throttle opening of the main throttle valve 15, the main 
throttle valve 15 is either mechanically linked to the depres 
sion amount of the accelerator pedal 17, or adjusted/con 
trolled electrically by an engine controller 18 in accordance 
With the depression amount detection value from an accel 
erator sensor 29 that detects the depression amount of the 
accelerator pedal 17 or the degree of opening of the main 
throttle valve 15. The depression amount detection value 
from the accelerator sensor 29 is outputted as a control 
signal to the 4WD controller 8. The accelerator sensor 29 
constitutes an acceleration or throttle instruction sensor. 

Thus, the phrase “accelerator position opening degree” as 
used herein refers to either a throttle opening amount of the 
main throttle valve 15 or a depression amount of the 
accelerator pedal 17 or similar accelerator device. 

[0031] The sub throttle valve 16 uses a stepper motor 19 
as an actuator for adjusting its throttle opening. Speci?cally, 
the throttle opening of the sub throttle valve 16 is adjusted/ 
controlled by the rotational angle of the stepper motor 19, 
Which corresponds to the step count. The rotational angle of 
the stepper motor 19 is adjusted/controlled by a drive signal 
from the motor controller 20. The sub throttle valve 16 is 
provided With a throttle sensor 19a shoWn in FIG. 2. The 
step count of the stepper motor 19 is feedback-controlled 
based on the throttle opening detection value detected by 
this throttle sensor 19a. The output torque of the internal 
combustion engine 2 can be controlled (reduced) indepen 
dently of the driver’s operation of the accelerator pedal 17 
by adjusting the throttle opening of the sub throttle valve 16 
so as to be smaller than the throttle opening of the main 
throttle valve 15. 

[0032] The apparatus is also equipped With an engine 
rotational speed sensor 21 that detects the rotational speed 
Ne of the internal combustion engine 2. The engine rota 
tional speed sensor 21 outputs a control signal that is 
indicative of the engine rotational speed Ne to both the 
engine controller 18 and the 4WD controller 8. 

[0033] As shoWn in the FIG. 1, the engine output torque 
Te of the internal combustion engine 2 is transferred to the 
left and right front Wheels 1L and 1R through an automatic 
transmission 30 using a torque converter and a differential 
gear 31 in a conventional manner. A portion of the engine 
output torque Te of the internal combustion engine 2 is 
transferred to the generator 7 using the endless drive belt 6 
to supply electrical energy to the electric motor 4. In other 
Words, the generator 7 is rotated at a rotational speed Nh, 
Which is obtained by multiplying the rotational speed Ne of 
the internal combustion engine 2 by the pulley ratio of the 
endless drive belt 6. 

[0034] The transmission 30 is provided With a shift posi 
tion detecting device or sensor 32 (gear ratio detecting 
device) that is con?gured and arranged to detect the current 
gear range of the automatic transmission 30. The shift 
position detecting sensor 32 is con?gured and arranged to 
output or send a detected shift position signal that is indica 
tive of the current gear range of the transmission 30 to the 
4WD controller 8. 
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[0035] A brake pedal 34 is provided that constitutes a 
brake instructing/operating section. The stroke amount of 
the brake pedal 34 is detected by a brake stroke sensor 35, 
Which constitutes a brake operation amount sensor. The 
brake stroke sensor 35 can be either a sensor that measures 
the actual stroke amount of the brake pedal 34 or a master 
cylinder pressure sensor that senses master cylinder pressure 
Which is indicative of the stroke amount of the brake pedal 
34. In either case, the brake stroke sensor 35 outputs the 
brake stroke amount it detects to a brake controller 36 and 
the 4WD controller 8. The brake stroke sensor 35 can also 
be con?gured and arranged to include a brake sWitch that 
indicates that the brake pedal 34 has been depressed by a 
prescribed amount or not. Thus, a brake on signal is sent to 
the 4WD controller 8 Which is indicative of the brake pedal 
34 having been depressed by the prescribed amount. 

[0036] The brake controller 36 controls the braking force 
acting on the vehicle by controlling the braking devices 
(e.g., disc brakes) 37FL, 37FR, 37RL and 37RR installed on 
the Wheels 1L, 1R, 3L and 3R in response to the inputted 
brake stroke amount by the brake pedal 34. Each of the 
braking devices 37FL, 37FR, 37RL and 37RR includes a 
Wheel cylinder pressure sensor WP that is operatively con 
nected to the 4WD controller 8. The Wheel cylinder pressure 
sensors WP are con?gured and arranged to output a signal 
indicative of the Wheel cylinder pressures of the braking 
devices 37FL, 37FR, 37RL and 37RR to the 4WD controller 
8 via the braking controller 36. 

[0037] As shoWn in FIG. 2, the generator 7 is equipped 
With a voltage adjuster 22 (regulator) for adjusting the 
output voltage V. The 4WD controller 8 controls the gen 
erator load torque Th against the internal combustion engine 
2 and the generated voltage V by adjusting the ?eld current 
Ifh such as controlling a generator control command value 
C1 (duty ratio or ?eld current value). The voltage adjuster 22 
receives the generator control command value C1 (duty ratio 
or ?eld current value) from the 4WD controller 8 and adjusts 
the ?eld current Ifh of the generator 7 to a value correspond 
ing to the generator control command value C1. The voltage 
adjuster 22 is also con?gured and arranged to detect the 
output voltage V of the generator 7 and then output the 
detected voltage value to the 4WD controller 8. Addition 
ally, the rotational speed Nh of the generator 7 can be 
computed based on the rotational speed Ne of the internal 
combustion engine 2 and the pulley ratio of the endless drive 
belt 6. 

[0038] A current sensor 23 is provided inside the junction 
boX 10. The current sensor 23 detects the current value Ia of 
the electrical poWer supplied from the generator 7 to the 
electric motor 4 and outputs a detected armature current 
signal to the 4WD controller 8. The voltage value ?oWing 
through the electrical line 9 is detected by the 4WD con 
troller 8 to produce a control signal indicative of the voltage 
across the electric motor 4. A relay 24 shuts off or connects 
the voltage (current) supplied to the electric motor 4 in 
accordance With a control command from the 4WD control 
ler 8. 

[0039] A control command from the 4WD controller 8 
controls the ?eld current Ifm of the electric motor 4. Thus, 
the adjustment of the ?eld current Ifm by the 4WD controller 
8 adjusts the drive torque Tm of the electric motor 4. A 
thermistor 25 measures the temperature of the electric motor 
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4 and produces a control signal indicative of the temperature 
of the electric motor 4 that is outputted to the 4WD con 
troller 8. 

[0040] The vehicle driving force control apparatus is also 
equipped With a motor rotational speed sensor 26 that 
detects the rotational speed Nm of the drive shaft of the 
electric motor 4. The motor rotational speed sensor 26 
outputs a control signal indicative of the detected rotational 
speed of the electric motor 4 to the 4WD controller 8. The 
motor rotational speed sensor 26 constitutes an input shaft 
rotational speed detector or sensor of the clutch 12. 

[0041] The clutch 12 is preferably an electromagnetic 
clutch that connects and disconnects in response to a clutch 
control command issued from the 4WD controller 8. Of 
course, a hydraulic clutch can be used for clutch 12 is certain 
situations to carry out the present invention. Thus, the clutch 
12 transmits torque from the electric motor 4 to the rear 
Wheels 3L and 3R at a torque transfer rate corresponding to 
the clutch control command from the 4WD controller 8. 

[0042] A Warning lamp 41 for clutch connection is 
arranged inside the passenger compartment. The Warning 
lamp 41 either ?ashes or goes out (does not light) based on 
a signal from the 4WD controller 8 that indicates that a 
problem eXists or not With the clutch connection. 

[0043] A drive mode sWitch 42 is provided to manually 
issue a clutch control command that alloWs the driver to 
manually select either a four-Wheel drive mode or a tWo 
Wheel drive mode When the vehicle is beloW a predeter 
mined vehicle speed. 

[0044] A 12-volt battery 43 supplies operating electric 
poWer to the 4WD controller 8 With a 12-volt relay 44 is 
installed in the 12-volt electric poWer supply line thereof in 
order to connect and disconnect the poWer to the clutch 12, 
Which is preferably an electromagnetic clutch. 

[0045] The Wheels 1L, 1R, 3L and 3R are provided With 
Wheel speed sensors 27FL, 27FR, 27RL, and 27RR, respec 
tively. Each speed sensor 27FL, 27FR, 27RL, and 27RR 
outputs a pulse signal corresponding to the rotational speed 
of the respective Wheel 1L, 1R, 3L and 3R to the 4WD 
controller 8. Each of the pulse signals serves as a Wheel 
speed detection value indicative of the rotational speed of 
the respective Wheel 1L, 1R, 3L and 3R, respectively. The 
Wheel speed sensors 27RL and 27RR constitute an output 
shaft rotational speed detector or sensor of the clutch 12. 

[0046] As shoWn in FIG. 3, the 4WD controller 8 is 
equipped With a generator control section 8A, a relay control 
section SE, a motor control section 8C, a clutch control 
section 8D, a surplus torque computing section SE, a target 
torque limiting section 8F, a surplus torque converting 
section 8G, a clutch release processing section 8H, and a 
drive mode selection section 8K. The clutch release pro 
cessing section 8H constitutes or includes an output shaft 
stop estimating section, an input shaft stop estimating sec 
tion, and a clutch connection command outputting section. 

[0047] The 4WD controller 8 is a control unit that pref 
erably includes a microcomputer With a 4WD control pro 
gram that is operatively coupled to the internal combustion 
engine 2 and the electric motor 4 to control the torque 
applied to the left and right front Wheels 1L and 1R by the 
internal combustion engine 2 and the torque applied to the 
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left and right rear Wheels 3L and 3R by an electric motor 4 
as discussed beloW. The 4WD controller 8 can also include 
other conventional components such as an input interface 
circuit, an output interface circuit, and storage devices such 
as a ROM (Read Only Memory) device and a RAM (Ran 
dom Access Memory) device. The memory circuit stores 
processing results and control programs. The RAM of the 
4WD controller 8 stores statuses of operational ?ags and 
various control data for the control program. The ROM of 
the 4WD controller 8 stores various operations for the 
control program. The 4WD controller 8 is capable of selec 
tively controlling any of the components of the driving force 
control apparatus in accordance With the control program. It 
Will be apparent to those skilled in the art from this disclo 
sure that the precise structure and algorithms for 4WD 
controller 8 can be any combination of hardWare and soft 
Ware that Will carry out the functions of the present inven 
tion. In other Words, “means plus function” clauses as 
utiliZed in the claims should include any structure including, 
but not limited to, hardWare and/or algorithm or softWare 
that can be utiliZed to carry out the function of the “means 
plus function” clause. Moreover, the terms “device” and 
“section” as utiliZed in the claims should include any 
structure, i.e., hardWare alone, softWare alone, or combina 
tion of hardWare and softWare. 

[0048] Through the voltage adjuster 22, the generator 
control section 8A monitors the generated voltage V of the 
generator 7 and outputs the generator control command 
value C1 of the generator 7 to adjust the ?eld current Ifh. 

[0049] The relay control section 8B controls shutting off 
and connecting the poWer supply from the generator 7 to the 
electric motor 4. 

[0050] The monitor control section 8C adjusts the torque 
of the electric motor 4 to the required value by adjusting the 
?eld current Ifm of the electric motor 4. 

[0051] The clutch control section 8D controls the state of 
the clutch 12 by outputting a clutch control command to the 
clutch 12. 

[0052] The drive mode selection section 8K includes the 
drive mode sWitch 42 that alloWs the driver to manually 
select either a four-Wheel drive mode or a tWo-Wheel drive 
mode When the vehicle is beloW a predetermined vehicle 
speed. 

[0053] As shoWn in FIG. 4, at a prescribed sampling time 
cycle, the 4WD controller 8 eXecutes the processing of the 
drive mode selection section 8K, the surplus torque com 
puting section 8E, the target torque limiting section 8F, and 
the surplus torque converting section 8G in sequence based 
on the input signals. Together, the drive mode selection 
section 8K, the surplus torque computing section 8E, the 
target torque limiting section 8F, and the surplus torque 
converting section 8G constitute an output torque control 
section of the 4WD controller 8. In other Words, the drive 
mode selection section 8K, the surplus torque computing 
section 8E, the target torque limiting section 8F, and the 
surplus torque converting section 8G can also be referred to 
as a subordinate drive source control section. 

[0054] Next, the surplus torque computing section 8E Will 
be discussed Which eXecutes the processing shoWn in FIG. 
4. First, in step S10, the Wheel speeds computed based on the 
signals from the Wheel speed sensors 27FL, 27FR, 27RL and 
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27RR are used to subtract the Wheel speed of the rear Wheels 
3L and 3R (subordinate drive Wheels) from the Wheel speed 
of the front Wheels 1L and 1R (main drive Wheels) and ?nd 
the slippage speed AVE, Which is the magnitude of the 
acceleration slippage of the front Wheels 1L and 1R. Then, 
the 4WD controller 8 proceeds to step S20. 

[0055] The slippage speed AVF can be calculated as fol 
loWs. The average front Wheel speed VWf (Which is the 
average of the left and right Wheel speeds for the front 
Wheels 1L and 1R) and the average rear Wheel speed VWI 
(Which is the average of the left and right Wheel speeds for 
the rear Wheels 3L and 3R) are calculated using the folloW 
ing tWo Equations (1) and (2): 

[0056] NoW, the slippage speed (acceleration slippage 
magnitude) AVF of the front or main drive Wheels 1L and IR 
is calculated by the differential betWeen the average front 
Wheel speed VWf and the average rear Wheel speed VWI, as 
set forth in the folloWing Equation (3): 

[0057] In step S20, the 4WD controller 8 determines 
Whether or not the calculated slippage speed AVF exceeds a 
prescribed value, such as Zero. Thus, steps S10 and S20 
constitute an acceleration slippage detection section that 
estimates if acceleration slippage is occurring in the front 
Wheels 1L and IR that is driven by the internal combustion 
engine 2. If slippage speed AVF is determined to be Zero or 
beloW, it is estimated that the front Wheels 1L and 1R are not 
experiencing acceleration slippage and the 4WD controller 
8 proceeds to step S30, Where a target generator load torque 
Th is set to Zero and the 4WD controller 8 returns to the 
beginning of the control loop. 

[0058] Conversely, if in step S20 slippage speed AVF is 
determined to be larger than Zero, it is estimated that the 
front Wheels 1L and IR are experiencing acceleration slip 
page, and thus, control proceeds to step S40. In step S40, the 
absorption torque TAVF required for suppressing the accel 
eration slippage of the front Wheels 1L and IR is calculated 
using the Equation (4) beloW and the 4WD controller 8 
proceeds to step S50. The absorption torque TAVF is an 
amount that is proportional to the acceleration slippage 
magnitude, as set forth in the folloWing Equation (4): 

[0059] Where: K1 is a gain that is found through 
experimentation or the like. 

[0060] In step S50, a current load torque TG of the 
generator 7 is calculated based on the Equation (5) beloW, 
and then the 4WD controller 8 proceeds to step S60. 

[0061] Where: 

[0062] V: voltage of the generator 7, 

[0063] Ia: armature current of the generator 7, 
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[0064] Nh: rotational speed of the generator 7, 
[0065] K3: efficiency, and 

[0066] K2: coef?cient. 

[0067] In step S60, the surplus torque, i.e., the target 
generator load torque Th that the generator 7 should impose, 
is found based on the Equation (6) stated beloW, and the 
4WD controller 8 returns to the beginning of the control 
loop. 

[0068] Next, the processing executed by the target torque 
(control) limiting section 8F Will be explained based on 
FIG. 5. The processing of the target generator load torque 
Th in the flow chart of FIG. 5 constitutes a generator control 
section con?gured to control a generation load torque of the 
generator 7 to substantially correspond to an acceleration 
slippage magnitude of the drive Wheel, When the accelera 
tion slippage detection section estimates acceleration slip 
page occurring in the drive Wheel. 

[0069] First, in step S110, the target torque limiting sec 
tion 8F of the 4WD controller 8 determines Whether or not 
the target generator load torque Th is larger than the maxi 
mum load capacity HQ of the generator 7. The 4WD 
controller 8 proceeds to the beginning of the control pro 
gram to repeat the processing if the 4WD controller 8 
determines that target generator load torque Th is less than 
or equal to the maximum load capacity HQ of the generator 
7. Conversely, the 4WD controller 8 proceeds to step S120 
if the 4WD controller 8 determines that the target generator 
load torque Th is larger than the maximum load capacity HQ 
of the generator 7. 

[0070] In step S120, the excess torque ATb, Which is the 
portion of target generation load torque Th that exceeds the 
maximum load capacity HQ, is found according to the 
folloWing Equation (7): 

ATb=Th-HQ. (7) 
[0071] Then, the 4WD controller 8 proceeds to step S130. 

[0072] In step S130, the current engine torque Te is 
computed based on the signals from the throttle sensor 19a 
and the engine rotational speed sensor 21 using an engine 
torque calculation map. Then, the 4WD controller 8 pro 
ceeds to step S140. 

[0073] In step S140, the engine torque upper limit value 
TeM is calculated by subtracting the excess torque ATb from 
the engine torque Te, as set forth in the folloWing Equation 
(8)1 

TeM=Te—ATb. (8) 

[0074] After the engine torque upper limit value TeM is 
outputted to the engine controller 18, the 4WD controller 8 
proceeds to step S150. 

[0075] In step S150, the maximum load capacity HQ is 
assigned as the target generation load torque Th, and then the 
4WD controller 8 returns to the beginning of the control 
loop. 
[0076] Next, the processing executed by the surplus torque 
converting section 8G Will be explained based on FIG. 6. 

[0077] First, in step S200, the 4WD controller 8 deter 
mines if the target generator load torque Th is larger than 0. 
If the target generator load torque Th is determined to be 
larger than 0, then the program of the 4WD controller 8 
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proceeds to step S210 because the front Wheels 1L and 1R 
are experiencing acceleration slippage. If the 4WD control 
ler 8 determines that the target generator load torque Th is 
less than or equal to 0, then the 4WD controller 8 returns to 
the beginning of the control loop because the front Wheels 
1L and 1R are not experiencing acceleration slippage. 

[0078] In step S210, the 4WD controller 8 determines 
Whether a transition is being made from a four-Wheel drive 
state to a tWo-Wheel drive state. The 4WD controller 8 
proceeds to step S230 if a transition to tWo Wheels is being 
made and to step S220 for regular processing if no transition 
to tWo Wheels is being made. 

[0079] In the present embodiment, the 4WD controller 8 
determines that a transition is made to a tWo-Wheel drive 
state, in Which the clutch 12 should be released, if the target 
motor torque Tm is decreasing and the target motor torque 
Tm is at or beloW a prescribed threshold torque T-TM1. 

[0080] Whether the target motor torque Tm, Which is the 
torque command value for the electric motor 4, is decreasing 
may also be determined merely by comparing the target 
motor torque With a preceding value. In other Words, it is 
acceptable to determine if the target motor torque is decreas 
ing by simply comparing the current target motor torque 
With the target motor torque from the previous processing 
cycle using Equation (9) beloW: 

[0081] In Equation (9), the subscript (n-l) indicates that 
the target motor torque is from one processing cycle previ 
ous and the subscript (n-2) indicates that the target motor 
torque is from tWo processing cycles previous. HoWever, in 
order to suppress the effects of noise or the like, it is also 
acceptable to determine if the target motor torque is decreas 
ing based on target motor torque values from three or more 
previous cycles (for eXample, the Equation (10) shoWn 
beloW uses values from siX processing cycles). It is also 
acceptable to determine that the target motor torque is 
decreasing When the target motor torque decreases continu 
ously over a plurality of processing cycles using the Equa 
tion (10) beloW: 

Tm(n—6)]<0 (10) 

[0082] In step S220, the rotational speed Nm of the 
electric motor 4 detected by motor rotational speed sensor 
26 is received as input. The target motor ?eld current Ifmt 
corresponding to the rotational speed Nm of the electric 
motor 4 is calculated and the target motor ?eld current Ifmt 
is outputted to the motor control section 8C. Then, the 4WD 
controller 8 proceeds to step S280. 

[0083] The target motor ?eld current Ifmt corresponding 
to the rotational speed Nm of the electric motor 4 is held to 
a ?Xed prescribed current value When rotational speed Nm 
is beloW a prescribed rotational speed and the ?eld current 
Ifm of the electric motor 4 is reduced by a knoWn Weak 
magnetic ?eld control method When the electric motor 4 is 
rotating above a prescribed rotational speed. In short, When 
the electric motor 4 rotates at a high speed the motor torque 
decreases due to the rise in the motor induced voltage E. 
Therefore, as discussed earlier, When the rotational speed 
Nm of the electric motor 4 reaches or eXceeds a prescribed 
value, the current ?oWing to the electric motor 4 is increased 
and the required motor torque Tm(n) is obtained by reducing 
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the ?eld current Ifm of the electric motor 4 and loWering the 
required motor induced voltage E. As a result, even if the 
electric motor 4 rotates at a high speed, the required motor 
torque Tm(n) can be obtained because the motor induced 
voltage E is kept from rising and the motor torque is 
prevented from decreasing. Also, the price of the electronic 
control circuit can be reduced in comparison With continu 
ous ?eld current control because the motor ?eld current Ifm 
is controlled in tWo stages: a stage for When the rotational 
speed is beloW a prescribed value and another stage for When 
the rotational speed is at or above a prescribed value. 

[0084] It is also acceptable to provide a motor torque 
correcting section that continuously corrects the required 
motor torque Tm(n) by adjusting the ?eld current Ifm in 
accordance With the rotational speed Nm of the electric 
motor 4. That is, instead of sWitching betWeen tWo stages, 
the ?eld current Ifm of the electric motor 4 can be adjusted 
in accordance With the motor rotational speed Nm. As a 
result, even if the electric motor 4 rotates at a high speed, the 
required motor torque Tm(n) can be obtained because the 
motor induced voltage E of the electric motor 4 is kept from 
rising and the motor torque is prevented from decreasing. 
Furthermore, since a smooth motor torque characteristic can 
be obtained, the vehicle can travel With better stability than 
in the case of tWo-stage control and the vehicle can alWays 
be kept in a state Where the motor driving efficiency is good. 

[0085] MeanWhile, if the 4WD controller 8 determines 
that a transition is being made to a clutch-releasing tWo 
Wheel drive, then the program proceeds to step S230. In step 
S230, the 4WD controller 8 determines Whether the target 
motor ?eld current Ifm is greater than a prescribed (end 
time) ?eld current limit value D-Ifm, Which is a prescribed 
limiting ?eld current value. If so, the 4WD controller 8 
proceeds to step S240. If the ?eld current Ifm is less than or 
equal to the prescribed ?eld current limit value (D-Ifm), the 
4WD controller 8 proceeds to step S235 Where it keeps the 
?eld current Ifm at the prescribed ?eld current limit value 
(D-Ifm). The 4WD controller 8 then proceeds to step S270. 

[0086] Here, the prescribed (end-time) ?eld current limit 
value D-Ifm is the minimum ?eld current value at Which the 
electric motor 4 is capable of generating very small torque. 
Setting the limit value to such a small value serves to curb 
poWer consumption during tWo-Wheel drive operation. 
Needless to say, it is acceptable for the prescribed ?eld 
current limit value (D-Ifm) to be larger than the minimum 
?eld current value at Which the electric motor 4 is capable 
of generating very small torque. In other Words, it Will be 
apparent to those skilled in the art from this disclosure that 
the end-time ?eld current value D-Ifm may also be greater 
than the minimum ?eld current value at Which the electric 
motor 4 can generate a minute torque. 

[0087] In step S240, the 4WD controller 8 determines if 
the accelerator position (ACC) or the corresponding throttle 
opening is less than 4% based on the signal from the 
accelerator sensor 29 or a corresponding throttle opening 
sensor. If the accelerator position or the corresponding 
throttle opening is less than 4%, the 4WD controller 8 
proceeds to step S250. OtherWise, the 4WD controller 8 
proceeds to step S260. 

[0088] An accelerator position or the corresponding 
throttle opening (detected accelerator position opening 
degree) of less than 4% indicates that the accelerator pedal 
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17 is not being depressed at all or is not being depressed 
enough (i.e., the acceleration instruction amount is not large 
enough) to affect the acceleration of the vehicle. In other 
Words, the phrase “the accelerator position opening degree 
is less than 4%” refers to an acceleration indicating amount 
sufficient to exclude the effect of the vehicle on the accel 
eration irrespective of Whether the accelerator pedal 17 is 
depressed or in a state in Which it is not depressed. 

[0089] In step S250, the 4WD controller 8 reduces the 
?eld current by the amount of a ?rst reduction value Difl 
and outputs the neW ?eld current Ifm to the motor control 
section 8C before proceeding to step S270. 

[0090] MeanWhile, in step S260, the 4WD controller 8 
reduces the ?eld current by the amount of a second reduction 
value Dif2 and outputs the neW ?eld current Ifm to the motor 
control section 8C before proceeding to step S270. 

[0091] The second reduction value Dif2 is set to a smaller 
value than the ?rst reduction value Difl. As a result, the 
decrease or change rate at Which the ?eld current value is 
reduced toWard the prescribed ?eld current limit value 
(D-Ifm) is larger When the accelerator position is less than 
4% so that the prescribed ?eld current limit value (D-Ifm) 
can be reached sooner. 

[0092] Although in the preceding explanation, the reduc 
tion value by Which the ?eld current Ifm is reduced is set to 
one of tWo different values based on Whether or not the 
accelerator pedal is depressed in an effectual Way (i.e., 
Whether or not there is an effectual acceleration instruction), 
it is also acceptable to set the reduction value of the ?eld 
current Ifm to one of three or more different values or to vary 
the reduction value in a continuous manner in accordance 
With the acceleration instruction amount. 

[0093] In addition, determining Whether the accelerator 
position opening degree is less than 4% makes it possible to 
also estimate the reduction in the generation capacity. Thus, 
the program proceeds to step S250 if the 4WD controller 8 
determines in step S240 on the basis of the rotational speed 
of the internal combustion engine 2, the rotational speed of 
the generator 7, or the like that the generation capacity is 
decreasing or there is a risk of such a decrease, and the 
program proceeds to step S260 if no such determination is 
made. 

[0094] In step S270, the induced voltage E of the electric 
motor 4 is calculated based on the target motor ?eld current 
Ifmt and the rotational speed Nm of the electric motor 4. 
Then, the 4WD controller 8 proceeds to step S280. 

[0095] In step S280, the 4WD controller 8 determines 
Whether a transition is being made from a four-Wheel drive 
state to a tWo-Wheel drive state. If a transition to a tWo-Wheel 

drive state is being made, then the 4WD controller 8 
proceeds to step S300. If this is not the case, then the 4WD 
controller 8 proceeds to step S290. 

[0096] In step S300, the 4WD controller 8 executes the 
clutch release processing section 8H and then proceeds to 
step S310. 

[0097] Determining Whether a transition from a four 
Wheel drive state to a tWo-Wheel drive state is made should 
be done in the same manner as in step S210 above. It is also 
possible to set up a ?ag for indicating Whether a transition 
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to a tWo-Wheel drive state is made in step S210, and to 
perform the determination based on this arrangement. 

[0098] In step S290, the 4WD controller 8 uses a map or 
the like to calculate the corresponding target motor torque 
Tm(n) based on the generator load torque Th computed by 
the surplus torque computing section 8E and then the 
program proceeds to step S310. 

[0099] MeanWhile, the program proceeds to step S310 
after the clutch release processing section 8H is executed in 
step S300. 

[0100] In step S310, the target armature current Ia is 
calculated using the current target motor torque Tm(n) and 
target motor ?eld current Ifm as variables, and the program 
proceeds to step S320. 

[0101] In step S310, the 4WD controller 8 uses the target 
motor torque Tm(n) of the current cycle and the target motor 
?eld current Ifmt as variables to calculate the corresponding 
target armature current Ia and then the program proceeds to 
step S320. 

[0102] In step S320, the 4WD controller 8 computes the 
duty ratio C1, Which serves as the generator control com 
mand value, based on the target armature current Ia and 
outputs the same before returning to the beginning of the 
control loop. 

[0103] The clutch release processing section 8H Will noW 
be described With reference to FIG. 7. The clutch release 
processing section 8H starts up When it is time for the 
vehicle to shift from the four-Wheel drive state to the 
tWo-Wheel drive state. In step S401, the 4WD controller 8 
?rst determined Whether the target motor torque Tm(n—1) is 
greater than the clutch command output torque T-TM2 at 
Which a clutch release command should be outputted. The 
4WD controller 8 proceeds to step S420 if it is determined 
that the torque is greater than the clutch command output 
torque T-TM2, and the 4WD controller 8 proceeds to step 
S445 if it is determined that the torque is equal to or less than 
the clutch command output torque T-TM2. 

[0104] Here, the clutch command output torque T-TM2 is 
a torque value that is greater than the clutch release torque 
Tf, Which is the motor torque at Which the clutch 12 is 
released, but is still in the vicinity of the clutch release 
torque Tf. The maximum differential betWeen the clutch 
command output torque T-TM2 and the clutch release torque 
Tf is determined from the folloWing conditions. Speci?cally, 
the value of the clutch command output torque T-TM2 is 
determined so as to satisfy conditions in Which the time from 
the moment the motor torque becomes the clutch command 
output torque T-TM2 until the moment the motor torque 
becomes the clutch release torque Tf is less than the clutch 
response delay time from the moment the clutch release 
command is outputted until the moment the clutch 12 is 
actually released When control is performed such that the 
motor torque becomes the clutch release torque Tf, as 
described beloW. 

[0105] In addition, the clutch release torque Tf is a value 
determined by experimentation or calculated by computa 
tion or mapping in accordance With the vehicle acceleration, 
the friction in the torque transfer path on the side of the 
electric motor, or the like. The clutch release torque Tf is the 
motor torque value needed to bring the torque on the clutch 
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12 to Zero during vehicle travel. The clutch release torque Tf 
is estimated to be the sum (Tf=Tf1+Tf2) of “the torque Tf1 
for the friction of the electric motor and the reduction gear” 
and “the torque Tf2 for accelerating the electric motor and 
the reduction gear equally With the acceleration of the rear 
Wheels.” 

[0106] In the present embodiment, it is assumed that the 
contribution from “the torque Tf1 for the friction of the 
electric motor and the reduction gear” is greater than the 
contribution from “the torque Tf2 for accelerating the elec 
tric motor and the reduction gear equally With the accelera 
tion of the rear Wheels,” and the clutch release torque Tf is 
set to a ?xed value that corresponds to “the torque Tf1 for the 
friction of the electric motor and the reduction gear,” Which 
is determined by experimentation or the like. 

[0107] In step S420, the 4WD controller 8 determines 
Whether the generation capacity of the generator 7 decreases 
to a state in Which the poWer generation that corresponds to 
the target motor torque Tm, Which is a target torque com 
mand value, cannot be provided or is in danger of not being 
provided. The 4WD controller 8 proceeds to step S440 if it 
is determined that there is a decrease in the generation 
capacity, and to step S430 if this is not the case. 

[0108] According to the aforementioned determination, a 
state is established in Which the poWer generation that 
corresponds to the target torque command value cannot be 
provided or is in danger of not being provided if, for 
example, the gear position of the transmission 30 shifts up 
into second or higher gear on the basis of a signal from the 
shift position detection device 32. 

[0109] In step S430, a setting is established such that the 
motor torque decreases at the normal torque decrease rate 
DTm on the basis of the Equation (12) shoWn beloW, and the 
program returns to the beginning. 

[0110] In step S440, the normal torque decrease rate DTm 
is multiplied by a gain K greater than 1 (for example, 2) to 
keep the decrease rate loW on the basis of the Equation (13) 
shoWn beloW When the torque rapidly decreases, and the 
4WD controller 8 returns to the beginning. 

[0111] Although the decrease rate is multiplied by a gain 
K greater than 1 to limit the target torque command value, 
it is also possible to subtract a speci?c preset decrease rate. 

[0112] If it is concluded in the determination of step S410 
that the target motor torque is equal to or less than the clutch 
command output torque T-TM2, the 4WD controller 8 
proceeds to step S445, in Which it is determined Whether a 
braking state exists or not. This braking state determination 
can be carried out in a variety of Ways. Preferably, a braking 
state, as determined in step S445, exists When a braking 
force command amount is greater than a prescribed amount, 
Which is preferably greater than Zero. The braking force 
command amount is outputted from the brake stroke sensor 
35 or the Wheel pressure sensors WP to the 4WD controller 
8, Which determines if the braking force command amount 
is greater than a prescribed amount. Of course, the brake 
stroke sensor 35 or the Wheel pressure sensors WP can 
alternatively be set such that any detected braking force 
results in a determination that a braking state exists. For 
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example, the brake stroke sensor 35 includes a brake pedal 
sWitch, as mentioned above, that is con?gured and arranged 
to detect a braking state (e.g., brake is operated or not). As 
mentioned above, the brake stroke sensor 35 is con?gured to 
determine the braking force command amount based on 
either the actual pedal stoke or based on master cylinder 
pressure. Thus, the brake stroke sensor 35 or the Wheel 
pressure sensors WP together With step S445 can be con 
sidered to be a brake force command determining section. 

[0113] When it is determined that a braking state exists, 
the program proceeds to step S460 Without outputting the 
clutch release command. When it is determined that the 
braking state does not exists (e.g., the brake is not operated), 
the program proceeds to step S450. This step S445 consti 
tutes a release prohibiting section of the 4WD controller 8. 
Alternatively, step S445 constitutes a clutch maintaining 
section of the 4WD controller 8, since step 445 effectively 
maintains the current state of the clutch 12 When the brake 
stroke sensor 35 or the Wheel pressure sensors WP deter 
mines the braking state. 

[0114] In step S450, the clutch release command is out 
putted through the clutch control section 8D, and the pro 
gram proceeds to step S460. Here, the clutch 12 is actually 
released once the clutch release command has been output 
ted and the operating delay of the clutch 12 has elapsed. In 
other Words, there is a clutch response delay time that 
elapses betWeen the time When the clutch release command 
is issued and the time When the clutch 12 is actually released. 
This clutch response delay time is ascertained in advance. 

[0115] In step S460, the 4WD controller 8 determines 
Whether the target motor torque Tm(n—1) is equal to or less 
than the clutch release torque Tf at Which the acceleration on 
the clutch output side is in substantial equal to the accel 
eration on the clutch input side the moment the clutch 12 is 
released, i.e., at Which the torque on the clutch 12 is 
substantially Zero. The 4WD controller 8 proceeds to step 
S475 and the target motor torque Tm(n) is kept at the clutch 
release torque Tf, if it is determined that the torque is equal 
to or less than the target motor torque Tm(n). If, on the other 
hand, the target motor torque Tm(n—1) is greater than the 
clutch release torque Tf, the current target motor torque 
Tm(n) is reduced at a decrease rate DTm‘ in relation to the 
preceding value on the basis of the Equation (14) shoWn 
beloW, and then the 4WD controller 8 proceeds to the 
beginning. 

Tm(n)=Tm(n-1)—DTm’ (14) 

[0116] The current target motor torque Tm(n) is thereby 
gradually reduced until it reaches the clutch release torque 
Tf. 

[0117] In the Equation (14) above, the value of the 
decrease rate DTm‘ is preferably established, for example, 
beloW the decrease rate DTm so as to suppress the actual 
variation range of the motor torque. 

[0118] In step S475, the 4WD controller 8 determines 
Whether the braking state exists based on the detected signal 
sent from the brake stroke sensor 35 or the Wheel pressure 
sensors WP in the same manner as discussed above With 

respect to step S445. When it is determined that the braking 
state exists (e.g., the brakes are operated), the program 
proceeds to step S500 in Which the target motor torque 
Tm(n) is maintained constant. When it is determined that the 
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brake is not operated, the program proceeds to step S480. 
Thus, step S475 can be considered to be a brake force 
command determining section. 

[0119] In step S480, the 4WD controller 8 determines 
Whether a torque holding time counter CLH-CNT is Zero. If 
it is determined that the torque holding time counter CLH 
CNT is Zero, then Zero is substituted for the target motor 
torque Tm(n) in step S510 in order to no longer keep the 
motor torque constant and the program then proceeds to the 
beginning. 

[0120] If, on the other hand, the torque holding time 
counter CLH-CNT is greater than Zero, the program pro 
ceeds to step S490. In step S490, countdoWn of the torque 
holding time counter CLH-CNT is executed, and the pro 
gram proceeds to step S500. 

[0121] Here, the torque holding time counter CLH-CNT is 
reset in the four-Wheel drive state. The value that is set as the 
initial value for the torque holding time counter CLH-CNT 
is one at Which the clutch 12 is reliably released When the 
variation component of the clutch response delay has been 
absorbed and the motor torque value brought to a constant 
level. 

[0122] In step S500, the preceding value is substituted for 
the current value in order to keep the target motor torque 
Tm(n) at the constant clutch release torque Tf, as in the 
equation shoWn beloW, and the program is completed and 
returned to the beginning. 

[0123] Thus, When the torque holding time counter CLH 
CNT is greater than Zero, the preceding value is substituted 
for the current value in order to keep the target motor torque 
Tm(n) at the constant clutch release torque Tf, as in the 
Equation (15) shoWn beloW. 

[0124] In the clutch release processing section 8H, step 
S410 and step S450 constitute a clutch release section or 
device. Also, steps S460-S510 of the clutch release process 
ing section 8H constitute a clutch release torque control 
section or device. 

[0125] Next, the processing executed by the engine con 
troller 18 Will be described With reference to FIG. 8. In 
accordance With a prescribed sampling time cycle, the 
engine controller 18 executes the processing shoW in FIG. 
8 based on the input signals. 

[0126] Speci?cally, in step S610, the engine controller 18 
computes the target output torque TeN requested by the 
driver based on the detection signal from the accelerator 
sensor 29 and then proceeds to step S620. 

[0127] In step S620, the engine controller 18 determines if 
the output torque upper limit TeM has been received from 
the 4WD controller 8. If it is determined that the output 
torque limit has been received, the engine controller 18 
proceeds to step S630. OtherWise, the engine controller 18 
proceeds to step S670. 

[0128] In step S630, the engine controller 18 determines if 
the output torque upper limit TeM is larger than the target 
output torque TeN. If the output torque upper limit TeM is 
larger, the engine controller 18 proceeds to step S640. 
MeanWhile, if the output torque upper limit TeM is smaller 
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than or equal to the target output torque TeN, the engine 
controller 18 proceeds to step S670. 

[0129] In step S640, the engine controller 18 assigns the 
value of the output torque upper limit TeM to as the target 
output torque TeN, thereby increasing the target output 
torque TeN, and the program then proceeds to step S670. 

[0130] In step S670, the engine controller 18 calculates the 
current output torque Te based on the throttle opening 
degree, the engine rotational speed, etc., and then the 
program proceeds to step S680. 

[0131] In step S680, the engine controller 18 calculates the 
deviation ATe‘ of the target output torque TeN from the 
current output torque Te using the Equation (16) shoWn 
beloW and then proceeds to step S690. 

ATe’=TeN-Te (16) 

[0132] In step S690, the engine controller 18 calculates a 
change A0 in the throttle opening degree 0 in accordance 
With the deviation ATe‘ and outputs a throttle opening degree 
signal corresponding to the throttle opening degree change 
amount A0 to the stepper motor 19. Then, the program of the 
engine controller 18 returns to the beginning of the control 
loop. 

[0133] NoW the operation of an apparatus constituted as 
described heretofore Will be described. The folloWing expla 
nation assumes the designated drive mode is set to the 
four-Wheel drive mode. The clutch 12 is not connected When 
the designated drive mode is set to the tWo-Wheel drive 
mode. 

[0134] When the torque transferred from the internal com 
bustion engine 2 to the front Wheels 1L and 1R is larger than 
the road surface reaction force limit torque, i.e., When 
acceleration slippage occurs in the front Wheels 1L and 1R, 
Which are the main drive Wheels 1L and 1R, due to the road 
surface friction coefficient p being small, or the driver 
depressing the accelerator pedal 17 too deeply, or the like, 
the clutch 12 is connected, a transition to a four-Wheel drive 
state is made by having the generator 7 generate at a 
generator load torque Th corresponding to the magnitude of 
the acceleration slippage thereof, and a transition to a 
tWo-Wheel drive state is subsequently made by adjusting the 
drive torque transferred to the front Wheels 1L and 1R so as 
to approach the road surface reaction force limit torque of 
the front Wheels 1L and 1R. This results in suppression of the 
acceleration slippage of the front Wheels 1L and 1R, Which 
are the main drive Wheels. 

[0135] Furthermore, the acceleration performance of the 
vehicle is improved by adopting an approach in Which the 
surplus poWer generated by the generator 7 is used to drive 
the electric motor 4 as Well as the rear Wheels 3L and 3R, 
Which are the subordinate drive Wheels. 

[0136] At this time, the energy efficiency is increased and 
fuel consumption improved because the electric motor 4 is 
driven by a surplus torque that has exceeded the road surface 
reaction force limit torque of the main drive Wheels 1L, 1R. 

[0137] Here, if the rear Wheels 3L and 3R Were alWays 
driven, several energy conversions (mechanical energy—> 
electrical energyQmechanical energy) take place, creating 
energy losses that are proportional to the conversion ef? 
ciencies. Therefore, the acceleration performance of the 
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vehicle Would decline in comparison With a case Where only 
the front Wheels 1L and 1R Were driven. Consequently, it is 
generally desired that driving of the rear Wheels 3L and 3R 
be suppressed. By contrast, this embodiment takes into 
consideration the fact that When traveling on a slippery road 
surface or the like, even if all of the output torque Te of the 
internal combustion engine 2 is transferred to the front 
Wheels 1L and 1R, not all of the torque Will be used as 
driving force. The driving force that cannot be utiliZed 
ef?ciently by the front Wheels 1L and 1R is outputted to the 
rear Wheels 3L and 3R, and the acceleration performance is 
improved. 
[0138] In addition, the clutch 12 is connected to establish 
a four-Wheel drive state and, With the subsequent suppres 
sion of the acceleration slippage, the motor torque is con 
tinuously reduced and a transition to a tWo-Wheel drive state 
made. 

[0139] If at this time the target motor torque Tm(n) is 
equal to or less than a prescribed threshold T-TM1, the 
reduction rate, i.e., the decrease rate of the motor torque is 
kept constant at DTm to alloW the torque to decrease at a 
prescribed gradient during the transition to a tWo-Wheel 
drive state, and if the target motor torque Tm(n) reaches a 
clutch command output torque T-TM2 that is slightly greater 
than the clutch release torque Tf, a clutch release command 
is outputted and the clutch 12 is released in a state in Which 
the response delay component of the clutch 12 has elapsed 
and the actual motor torque is kept constant at roughly the 
clutch release torque Tf, as shoWn in FIG. 9. Speci?cally, it 
is possible to prevent a shock from being generated during 
clutch release because the clutch 12 is released in a state in 
Which the torque on the clutch 12 is substantially Zero during 
vehicle travel. 

[0140] In addition, generation of shocks during clutch 
release can be reliably prevented as a result of the fact that 
the motor torque value during the actual clutch release can 
be kept substantially at the clutch release torque Tf, even 
When the response delay time of the clutch 12 ?uctuates 
someWhat due to temperature and other factors, by adopting 
an approach in Which the actual motor torque values before 
and after the clutch 12 is actually released are kept at a 
constant torque substantially equal to the clutch release 
torque Tf. 

[0141] When the target motor torque approaches the 
clutch release torque Tf, the target motor torque is gradually 
reduced; for eXample, the decrease rate DTm‘ of the motor 
torque is limited to a loW value that can be folloWed in terms 
of the control performance of the motor drive control, 
Whereby the actual motor torque converges to the desired 
clutch release torque Tf at an earlier stage Without any 
hunting, thereby making it possible to keep the motor torque 
during clutch release in a stable manner at substantially the 
same value as the clutch release torque Tf. 

[0142] When the generation capacity of the generator 7 
has decreased, situations in Which the target motor torque 
and the actual motor torque differ from each other and the 
motor torque decreases rapidly are prevented by a process in 
Which the target motor torque is controlled to a level at or 
beloW the maXimum value of the motor torque resulting 
from the generation de?ciency, by increasing the decrease 
rate at Which the torque decreases from the prescribed 
threshold torque T-TM1 to the clutch command output 
torque T-TM2. 
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[0143] In the embodiment described above, the clutch 
release torque Tf is kept constant at “the torque Tf1 for the 
friction of the electric motor and the reduction gear,” Which 
is a value maintained during steady-state travel (at Zero 
acceleration), but this option is non-limiting. It is also 
possible to perform a correction based on the acceleration 
(negative acceleration in the case of deceleration) of the rear 
Wheels or the vehicle body. In this case, the clutch command 
output torque T-TM2 may also be varied in accordance With 
the correction of the clutch release torque Tf, or may be used 
as a value that takes into account the variation component 
based on this correction. 

[0144] Moreover, When the brake is operated at the time of 
releasing the clutch 12 and When the vehicle is braked, there 
is a risk that the electricity generation de?ciency or the 
electricity generation overabundance of the generator that 
supplies the electricity to the motor 4 may occur. When the 
electricity generation de?ciency or the electricity generation 
overabundance occurs, the actual motor torque ?uctuates 
greatly, and it becomes dif?cult to maintain the motor torque 
during the clutch release to the clutch release torque Tf. 
Accordingly, there is a risk of generating shocks When the 
clutch 12 is released. HoWever, in the present embodiment, 
the clutch is prohibited from being released during braking, 
and the clutch 12 is released after the braking is over. 
Therefore, the motor torque during the clutch release is kept 
at a value substantially equal to the clutch release torque Tf 
because the disturbance by the braking can be avoided. 

[0145] In that process, the timing of the clutch release is 
delayed. HoWever, the period by Which the motor torque is 
maintained constant is set to be longer by the time delayed. 
Therefore, the motor torque during the clutch release after 
the braking is over can be set to the clutch release torque Tf. 
Thus, the shock generation during the clutch release is 
prevented. 

[0146] FIG. 10 shoWs an eXample of a time chart in a 
situation that the brake is depressed When said clutch release 
condition is met. The time chart shoWn in FIG. 10 illustrates 
the situation Where the electricity generation de?ciency 
occurs. 

[0147] Here, the reasons Why the electricity generation 
de?ciency or the electricity generation overabundance 
occurs because of the braking Will be explained. When the 
brake instruction is issued and the engine revolutions 
decrease more than alloWed, the revolutions of the generator 
also decrease, and thus, the electricity generation de?ciency 
occurs. When the electricity generation de?ciency occurs, 
the motor torque becomes smaller than the target motor 
torque, and there is a risk that the motor torque cannot be 
controlled to the target value. 

[0148] On the other hand, When the engine revolutions 
decrease and the rate of decreasing of the vehicle speed is 
larger than the engine revolutions, the electricity generation 
overabundance occurs. In such a case, there is a risk that the 
motor torque temporarily becomes larger than the target 
motor torque, and thus, the motor torque cannot be main 
tained Within the appropriate range of values (the range of 
values of torque in Which the shock does not occur during 
clutch release). 

[0149] Here, although Whether the clutch release is pro 
hibited or not is determined based on Whether the braking 






